Oligocene to middle Miocene sequence boundaries on the New Jersey coastal plain (Ocean Drilling Project Leg 150X) and continental slope (Ocean Drilling Project Leg 150) were dated by integrating strontium isotopic stratigraphy, magnetostratigraphy, and biostratigraphy (planktonic foraminifera, nannofossils, dinocysts, and diatoms). The ages of coastal plain unconformities and slope seismic reflectors (unconformities or stratal breaks with no discernible hiatuses) match the ages of global δ 18 θ increases (inferred glacioeustatic lowerings) measured in deep-sea sites. These correlations confirm a causal link between coastal plain and slope sequence boundaries: both formed during global sea-level lowerings. The ages of New Jersey sequence boundaries and global δ 18 θ increases also correlate well with the Exxon Production Research sea-level records of Haq et al. and Vail et a/., validating and refining their compilations.
E>ustatic (global sea level) changes exert one of the primary controls on the stratigraphic record (J, 2), although controversy surrounds the age, magnitude, and mechanism of these changes (3). Vail et d. (4) and Haq et d. (5) reconstructed eustatic history by applying sequence stratigraphy to a global array of proprietary Exxon Production Research (EPR) data comprising seismic profiles, wells, and outcrops. Previously released EPR seismic data demonstrated that Oligocene to Recent sequences are well defined beneath the New Jersey shelf, although the age control on these sequences was poor (±1 million years or worse) (6) . To improve understanding of sealevel change, we collected additional multichannel seismic data (cruise Ew9009) and traced seismic sequences from the New Jersey shelf to the slope (7). These sequences were dated at four slope sites drilled during Ocean Drilling Project (ODP) Leg 150 (8) (Fig. 1) . Drilling onshore at Island Beach, Atlantic City, and Cape May, New Jersey (ODP Leg 150X; Fig. 1 ), provided additional ages and facies of these same sequences in much shallower paleodepths (9 Oligocene to Recent seismic reflections beneath the New Jersey shelf exhibit erosional truncation, onlap, downlap, and toplap and are thus objectively identified as sequence boundaries (4, 6, 8) . We traced these sequence boundaries from the shelf to the slope, using both EPR and Ew9009 multichannel seismic data including Red, Tuscan, Yellow-2, Pink-2, and Green (6) plus Ochre, Sand, True Blue, Pink-3, and Green-2 (8). To simplify the nomenclature and incorporate reflections restricted to the slope, we use a unified alpha-numeric scheme (ol, m6; Figs. 1 and 2 and Table 1 ) based on the results of ODP Leg 150 (8).
We derived time-depth relations for correlating seismic profiles to the boreholes from three sources: the velocity log from the Continental Offshore Stratigraphic Test (COST) B-3 well, semblance velocities from analysis of Ew9009 Common Depth Point (CDP) stacks on the adjacent shelf, and sonobuoy data from the continental rise (8). Synthetic seismograms derived from log (8) and core physical properties data (16) were used to evaluate these correlations. The sedimentary expression of sequence boundaries on the slope is muted because of relatively uniform Oligocene to Miocene lithologies (silty clays) (8), and several reflectors are associated with a correlative conformity (17) . Still, many sequence boundaries are associated with hiatuses or increased sand content immediately above the boundary, both of which yield impedance contrasts (8) and consequently seismic reflections.
We developed the Oligocene to middle Miocene chronology on the slope by integrating Sr isotopic stratigraphy (17) and magnetostratigraphy (18) with planktonic foraminiferal (19) , nannofossil (20) , dinocyst (21), and diatom (22) biostratigraphy (Table 1) . We do not discuss late Miocene to Recent history here because (i) the chronology of the upper Miocene slope sections is still uncertain, (ii) Pliocene strata are poorly represented in the slope boreholes, and (iii) the recovered Quaternary sections were restricted to the middle Pleistocene (stages 15 to 5.5) and Recent (23) .
Onshore boreholes recovered fossiliferous Oligocene to middle Miocene strata; younger strata were mostly unfossiliferous and undateable (9, 24) . We identified unconformities (sequence boundaries) in the onshore boreholes using physical stratigra- (Fig. 2) .
Detailed comparison of the ages of slope reflectors and their corresponding error estimates with three of the middle Miocene benthic foraminiferal δ 18 θ records used to define the Mi zones (Fig. 1) shows remarkably similar ages for the δ 18 θ inflections and reflectors. This comparison indicates that the sequence boundaries formed during intervals of rapid glacioeustatic fall, as predicted by various models (28) .
This link between offshore New Jersey sequences and δ 18 θ records is further strengthened if one compares the slope sequences with their correlative onshore counterparts (Fig. 2) (Fig. 2 and Table 1). Comparison of the ages of the two independent sets of sequences shows the following essentially identical ages: TB2.6 and m2 sequences ( -12.6 Ma); TB2.5 and m3 (-13.6 Ma); TB2.3 and m5 (16.5 to 16.9 Ma); and TB1.5 and m5.6 (22 Ma). The ages of the Oligocene TB1.4 and m6, TB1.3 and O6, TB1.2 and O5.TB1.2 and O3, TB4.5 and O2, and TB4-4 and Ol sequences are similar when they are corrected for differences in the time scale used in each study (30) . The record of Haq et al. (5) also compares well with the δ 18 θ increases (Table 1) . However, on the basis of our correlation to the New Jersey sequences and δ 18 θ records, there are differences compared to the ages of several other of the Miocene sequences of Haq et al. (Table 1 ). It appears that TB3.1 (10.5 Ma), TB2.4 (15.5 Ma), and TB2.2 (17.5 Ma) correlate with -11-Ma, 14.8-Ma, and 18.5-Ma slope reflectors and with the -11.4-Ma, 14.4-Ma, and 18.5-Ma δ 18 θ increases, respectively ( Table 1 ). The minor differences in age ( We suggest that the ages of the δ 18 θ increases (inflections on Table 1 ) provide the best estimates on the timing of Oligocene to Miocene eustatic falls and that unconformities (including seismic sequence boundaries) are formed during falls in sea level. Our records show that deposition resumed in the coastal plain by the time of the lowest low stand (maximum δ 18 θ values; Fig. 2 ). Our margin chronologic resolution is insufficient to evaluate small leads and lags (<l/4 of a cycle or a resolution of better than 0.25 to 0.5 million years) between eustatic falls and the timing of unconformities or hiatuses on the New Jersey margin. Reynolds et al. (31) used forward models to predict that the unconformities begin to form on old, slowly subsiding margins such as New Jersey early in the fall of sea level (before the inflection and the maximum rate of fall).
We cannot yet evaluate at what point in a eustatic fall the unconformities begin to form on this margin.
Although it is not possible to evaluate fully the age errors in the EPR records, ours can be specified. Stratigraphic resolution is coarse in some intervals (for example, reflectors m5 and m5.4 have age uncertainties of at least ±0.9 and ±1.1 million years, respectively; Table 1 ), whereas others are well dated by integrating Sr isotopic, magnetostratigraphic, and biostratigraphic data. For example, the small uncertainty in the age of reflector m6 (23.8 ± 0.2 Ma) allows a precise and unequivocal correlation with the Mil oxygen isotopic increase (inflection at 23.8 Ma; Fig. 2 ).
Given that some reflectors and sequences have age errors of greater than 0.5 million years, one could argue that the correlations shown on Figs. 1 and 2 are at best fortuitous and, at worse, are beyond the precision of the geochronology that we have used. Using this argument, Miall (3) claimed that stratigraphic resolution may not be sufficient to document precise correlation and causal links between sequences and the global synthesis of Haq et al. (5) . In Table 1 . Comparison of Sr isotope-based age estimates of Oligocenemiddle Miocene seismic reflectors, New Jersey continental slope with onshore sequences (24, 26) , oxygen isotopic increases (10, 14) , and the sequences of Haq et al. (5) . The column labeled Best uses the older (1985) time scale, whereas the column labeled BKSA95 provides the ages of sequences using the new (1996) time scale of Berggren etal. (12) . We obtained corrected ages of Haq et al. (5) 23 FEBRUARY 1996 REPRINT contrast, we propose that it is unnecessary to demonstrate that every event correlates with a resolution of better than 0.5 million years. We have anchored key stratigraphic levels (such as reflectors ml to m4 and m6) to a precise chronology and report a similar number of events in both the margin and δ I8 Q records, indicating that unconformities (sequence boundaries) correlate with glacioeustatic lowerings. By firmly dating the sequences and providing error estimates for these ages, we provide a template of Oligocene to Miocene sequences that will be compared with records from other margins.
